Novel mu-selective Met-enkephalinamide analogs with antagonist activity. Synthesis, receptor binding, analgesic properties and conformational studies.
Four novel mu-selective peptide antagonists have been synthesized and examined for receptor binding, analgesic agonist and antagonist activity and energy conformational properties. These peptides were designed by analogy to results of molecular modeling of 3-phenyl piperidines which led to incorporating four modified tyrosine residues, m-Tyr, beta-methyl-m-Tyr, N-phenethyl-m-Tyr and alpha, beta-dimethyl-m-Tyr into D-Ala2-Met5-enkephalinamide. Peptides were synthesized by stepwise solution synthesis using an active ester coupling procedure. Receptor binding assays were performed on rat brain homogenates and data were analyzed by a modified version of the program LIGAND. Analgesic agonist and antagonist activity was evaluated by the mouse tail-flick test. Energy-optimized conformations were obtained using a program called Molecule-AIMS. The results demonstrate that relative ratios of in vivo agonist and antagonist potencies in D-Ala2-Met5-enkephalinamides can be modulated by chemical modification of the tyrosine residue. A shift in the phenolic-OH position from para to meta significantly enhances relative antagonist versus agonist activity; addition of a beta-CH3 group to the m-Tyr enhances mu-selectivity and leads to nearly equal agonist/antagonist activity. Energy conformational studies indicate that all analogs with high mu-receptor affinity examined have a common energy accessible B'II 2-3 turn conformation similar to that previously identified for high mu-affinity binding in peptides, lending further support to this candidate conformer. This conformer also has tyrosine side-chain angles which allowed total overlap with the amine and phenolic groups of a known structure of 3-(m-OH phenyl)-piperidine. This structural similarity together with the observation of mixed agonist antagonist activity in both types of opioids confirms the rationale upon which design of these peptides was based.